N. Diserens (1) , P. Presi (2) , D. Bernet (3) , G. Schüpbach-Regula (2) & T. A sensitivity analysis showed that water supply and fish movements were highly influential on the output of the risk assessment regarding The chronic phase is characterised by a moderate, protracted mortality. Fish are dark in colour, with anaemia and exophthalmia. In the nervous phase, fish exhibit a looping swimming behaviour, but mortality is low. In Switzerland, laboratory confirmation of the presence of the infectious agent is a prerequisite for official diseasecontrol measures. The method of choice is culture of the virus on cell lines and its subsequent identification. There is no effective therapy for the disease. After detection of infected fish, the destruction of all stocks at the relevant farm, followed by disinfection, is compulsory.
Wahli
Disinfection and quarantine are the most effective prophylactic means of controlling VHS epidemics (4, 5, 6 (12, 13, 14) and in Germany (7).
In this study, a risk assessment model was developed for ranking 
Materials and methods

Risk factors
In accordance with Commission Decision 2008/896/EC (2), the risks of introduction and spread of disease were assessed separately. Six risk factors for the introduction of VHS and IHN and seven factors for the spread of these diseases were identified, based on published data, on models developed in other countries and on expert opinions (Tables I and II ). The factors 'species' and 'biosecurity' could contribute to both the introduction and the spread of disease, therefore both factors were included in each of the two assessments. Among the six factors relating to the risk of introduction of the diseases, two factors (characterising the plant and the purchase) were themselves based on two factors using a combination table (Table III) . The same approach was used in assessing disease spread for one factor (characterising the plant) ( Table III) . The risk for each factor was evaluated as null = 0, low = 1, medium = 2 or high = 4 at farm level.
The means of transmission of the rhabdoviruses causing VHS and IHN are similar. The National Fish Disease Laboratory (NAFUS) of the University of Bern, which is the national reference laboratory for notifiable fish diseases in Switzerland, has diagnosed VHS and IHN simultaneously or separately several times in the same fish farms.
Consequently, in analogy with the model of Kleingeld (7), where fish farms were ranked for VHS, IHN and KHV simultaneously, our model was developed with the same risk scores for VHS and IHN and the farms were ranked for the two diseases combined.
<Table I> <Table II> <Table III>
The selection and assessment of risk factors is an important phase of the process, because it forms the basis of the categorisation of farms.
Lack of scientific data on which to weight the routes of introduction and spread have limited the development of risk ranking schemes (14) . This also applies to our model and risk factors were therefore assessed by expert collaborators of the NAFUS, based on published data. In the future, however, selection and assessment of risk factors can be easily adapted in accordance with new scientific knowledge. In the following paragraphs the reasons for the inclusion of particular risk factors are explained.
Species
Commission Decision 2008/896/EC (2) proposes that farms be considered as having a low level of risk if they do not keep species susceptible to any of the listed non-exotic diseases. However, as those farms may have differing levels of risk for the contraction and spread of such diseases or of emerging diseases, the Decision allows Member
States to classify such farms according to their risk level and thus differentiate their level of surveillance and inspection. This possibility was chosen for our model, and fish species other than salmonids were also included as they are known to pose a risk in that they can be carriers of the relevant disease agent without developing disease Salvelinus species are absent from the EU list, although they have been demonstrated as susceptible to VHS (7), whereas brook trout (Salvelinus fontinalis) and lake trout (S. namaycush) are listed as susceptible to VHS by the OIE (17) . Thus, species that are susceptible were classified as high risk, because they clearly represent the greatest risk to the spread or introduction of the two diseases. Species considered to be carriers were defined as medium risk and the other species as null risk, because they do not represent any danger concerning VHS and IHN.
Water supply
An aquaculture farm supplied with spring or ground water has no pathogen or pathogen carrier (fish) in the inflow (18), therefore there is no risk of introduction of VHS or IHN and null risk was attributed to this parameter. River water abstracted by a farm may be contaminated with pathogens present in farmed or wild fish upstream of the farm (14, 19) . In the other models (7, 14) the factor 'exposure via water' has been considered as the second highest risk. In our model, the parameter 'surface water' was identified as medium risk.
Fish movements
There is general agreement on the crucial role of fish movement as a factor in the introduction and spread of epizootic diseases (7, 14) . The number of plants in a circle of 5 km independent of the water system (risk factor 'plant 2'). Accordingly, the risk of attracting a pathogen from a neighbouring farm or of spreading a disease to a neighbouring farm via different possible pathways (water, fish-eating predators, visitors etc.) was graded from null (no farm in the proximity) to high.
Fish processing
On-site processing, especially the processing of fish originating from a different fish farm, is a further risk factor for the introduction of a pathogen. The farmed population sharing the site with the processing plant may be exposed to pathogens released through the discharge of waste water or unsafe disposal of solid waste (14) . Processing fish originating from other farms was determined to be of medium risk.
Biosecurity
In addition to acquisition, biosecurity is certainly a most important Scavenging animals such as wild birds can act as disease vectors (22) and it has been demonstrated that VHS virus can survive for more than two hours in the crop of herons (Ardea cinerea) (23) . Bird netting can help prevent infection via this route of exposure (14) . To protect the farm from trespassers and wild animals, the facility should be 
Risk assessment
In 2009, the 357 known Swiss aquaculture farms received a questionnaire in order to quantify the relevant factors. Participation was voluntary. Farmers who did not return the questionnaire in time were contacted by phone in spring 2010. This resulted in a 95.2% response rate. Non-responses were translated into the highest risk score for the corresponding factor. As the factor 'biosecurity' cannot be estimated from a questionnaire and has to be evaluated during inspection, a high score for this factor was attributed in the first run of the model in all farms. In order to achieve full risk categorisation with all risk factors for at least some fish farms, a sample of 20 randomly chosen plants was visited to collect the relevant information for the factor 'biosecurity' and the model was re-run for these farms.
Scores for the risk of introducing VHS or IHN in a particular farm were summed and divided by the number of factors. The same procedure was applied for factors relevant to spread of the diseases. In contrast to the method described in Commission Decision 2008/896/EC (2), where the overall risk was calculated by combining risk of introduction with risk of spread using a combination table, in the present study the risk was calculated for each farm by summing the two separately assessed values. This methodology allowed us to increase the accuracy of the model: for example, a fish farm that has high values in the medium range of risk for both introduction and spread of disease will still have a medium overall risk by combining the two risks, but will have a high risk by summing the two values.
In our model, two theoretical trout farms supplied only or partly with surface water and possessing a runoff in surface water (the typical fish farm in Switzerland) were finally characterised as representing the upper limit for low-risk farms and the upper limit for medium-risk farms, in order to define three categories of farm (low, medium, high).
Because the two theoretical farms were breeding a species susceptible to VHS and IHN, they were determined as high risk for the factor 'species'. As they were supplied with surface water and had a runoff in surface water, medium risk was attributed for the factor 'water'
(enter and spread). Flooding is quite a rare incident, therefore a null risk for this factor was attributed to each of the farms, and because processing of fish from other farms applies to only a few plants in
Switzerland, a null risk was attributed for this factor. For all other factors, a low or medium risk was set to calculate the upper limit for low-or medium-risk farms respectively (Table IV) .
Risk level and disease outbreaks in recent years
Risk 
Sensitivity analysis
The effect of a factor on the output of the model was determined by exclusion of individual factors from the risk assessment one at a time.
The final score was recalculated for each farm and the modified ranking was compared with the rank of the baseline model. To determine the importance of each factor in comparison with others, the sums of the absolute difference in rank between the modified model and the original one were calculated for each farm.
Results
The results of the survey with regard to the distribution of risk factors in Swiss aquaculture farms are given in Table IV Since the year 2000, NAFUS has diagnosed VHS and IHN 19 times in 16 different farms. In our model, 11 of these farms were classified as high risk and five were medium risk.
Evaluating the weight of each factor for the output of the risk assessment showed that the water source and the purchase of fish had the greatest influence on the introduction of disease into a facility. The parameter 'sales' had high influence potential for the spread of disease out of the fish farm. The presence of other plants in the proximity also had relatively high influence in our model, on both introduction and spread of disease. In contrast, the factors 'species' and 'processing'
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<Figure 2>
Discussion
Risk level in Swiss aquaculture farms
Based on data gathered from questionnaires sent to fish farmers, 176 (49.3%) farms were classified as high risk, 175 (49.0%) as medium risk and six (1.7%) as low risk (Fig. 1) . The high percentage of farms in the high-risk category in our model is biased by the fact that the factor 'biosecurity' was set at maximum value, because this factor was not included in the questionnaire for practicability reasons.
Biosecurity has important weight in our model, because it is part of the risk of introduction and spread of disease. The influence of this factor on the outcome of assessment was demonstrated by the change in risk level in 15 of 20 farms after their risk classifications were recalculated with the parameters for biosecurity included.
Nevertheless, although the selection of these 20 farms was random, the result should be considered as an example and cannot be claimed as representative.
As it was not possible to collect the necessary information to score 'biosecurity' in all the aquaculture farms using the questionnaires or other means, these values will be assessed through the first inspection of the farms. In parallel with on-site assessment of biosecurity measures, data missing from the questionnaires returned by the fish farmers will also be obtained during the first visit. Risk factors in a facility can change over time and therefore it will be essential to periodically re-evaluate the risk for VHS/IHN, rerunning the model with the most recent data from individual farms. This means that farmers can influence the risk category of farms, for example, by improving the on-site situation by changing biosecurity measures or purchasing behaviour (e.g. fewer suppliers). category. This suggests a ratio of 2:1 for the frequency of inspections in high-and medium-risk farms.
Comparison with existing models
Two models have been developed by Kleingeld (7): the model proposed in Commission Decision 2008/896/EC (2) and a modified analogue model. However, some of the parameters used in those models were not available in our dataset and therefore could not be used to calculate risk in comparison with our model. For the same reason, the Swiss farms could not be ranked using the model of
Oidtmann et al. (14) .
The most important difference between our model and those of
Oidtmann et al. (14) and Kleingeld (7) is the weighting of the risk factors, which is more complex in the other models. Oidtmann et al.
weighted 'live fish and egg movements' with 63% and distributed the remaining 37% between four other factors (14) . In our model, risk factors were weighted only by attributing the risk levels null, low, medium or high according to the composition of the parameters. For example, when a flood-risk exists, 'flooding' is regarded as low risk because it is a less important parameter; 'purchase' is a null risk for a farm that does not buy fish and high risk for a plant that purchases fish six times a year from three different suppliers. In using simple words such as 'high' or 'low' for weighting, instead of per cent values, a less complex model was developed. This resulted in decreased accuracy but increased comprehensibility of the model for the decision makers. Thus, our model has been developed for ranking a farm for risk-based surveillance but cannot be used to attribute an absolute risk of introduction and spread of VHS and IHN for each farm.
The influence of weighting risk-factors was assessed by comparing two models, although they were not based on identical factors and calculations. To this end, our model was weighted with the same percentages as in the model of Oidtmann et al. (14) ; for example, 63% <Figure 3>
Sensitivity analysis
The most influential factor in our model was 'fish movements' (purchase and sale), followed by the factor 'water supply' and in third place by the risk-factor 'plant' (Fig. 2) . The low influence of 'biosecurity' in our assessment was due to the attribution of the same value (high) to all farms, because of the lack of necessary information.
With the availability of the relevant data after the first inspection, Fish species were of low influence in the model because most farms in Switzerland produce salmonids, which are susceptible to VHS and IHN (Table IV) , and thus the factor 'species' was the same high risk for most farms. Factors that did not show important variability in distribution among the farms (species, fish processing, water runoff, flooding and -before the first inspection -biosecurity) (Table IV) were therefore not very influential in our model.
Comparison of different models is possible only when they concern the same or at least similar diseases. In the model presented here, fish movements and water supply were demonstrated as having key roles in the introduction and/or spread of two viral diseases. Nevertheless, the risk presented by other fish farms in the proximity should not be underestimated. Because of incomplete information on biosecurity in the fish farms studied, the influence of this factor could not be tested for all the farms in Switzerland but was assumed to be important. 
Number of suppliers (purchase 2)
Null Null n/a n/a n/a 
